
i 

k 

I '  
i 

/ 
\ i  

, 

OBSERVATIONS. OF -THE POLAR 

/ 
I 

' 3  
IONOSPHERE IN THE ALTITUDE 

. /  

\ 

1 RANGE 2000 TO 3000 K M  
BY MEANS OF SATELCITE 
BORNE ELECTRON &TRAPS b 

t 

' . , .  

LJ. I. DONLEY 9- 
' *  

i L7\ JULY 1967 10 

? GODDARD SPACE FLIGHT CENTER - 

GREENBELT, MARYLAND '3 f 

1 

! To be presented at  COSPAR . \  London, England 
\ 

, 
.I - J u l y ,  1967 



OBSERVATIONS OF THE POLAR IONOSPHERE I N  
THE ALTITUDE RANGE 2000 TO 3000 KM BY 
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NASA Goddard Space F l i g h t  C e n t e r  

ABSTRACT 

Measurements have been made of e l e c t r o n  d e n s i t y  and 
t e m p e r a t u r e  and q u a s i - e n e r g e t i c  e l e c t r o n  f l u x  by means of  
p l a n a r  e l e c t r o n  t r a p s  employing r e t a r d i n g  p o t e n t i a l  t e c h n i q u e s  
on  t h e  E x p l o r e r  XXXI  (DMB-A) s p a c e c r a f t  i n  t h e  a l t i t u d e  r a n g e  
of f r o m  2000 t o  3000 km d u r i n g  m a g n e t i c a l l y  q u i e t  p e r i o d s  of 
December 1965 and Janua ry  1966.  

O b s e r v a t i o n s  above 60°N magnet ic  l a t i t u d e  i n d i c a t e  ve ry  
3 low ambient  e l e c t r o n  d e n s i t i e s  (Ne<lOO/cm ) which are a 

t y p i c a l  f e a t u r e  of t h e  p o l a r  i onosphe re  a t  h i g h  a l t i t u d e s .  
I r r e g u l a r i t i e s  and peaks  of enhanced i o n i z a t i o n  are obse rved .  
These  peaks  have  w i d t h s  of u p  to  1000 km and c o n t a i n  d e n s i t y  
enhancements  on t h e  o r d e r  of a f a c t o r  of t e n  above ambient  
background.  Wi th in  t h e  peak t h e r e  is a change of i o n i c  com- 
p o s i t i o n  t o  heavy i o n s  (0') from t h e  background composi t ion  o f  
l i g h t  i o n s  (H+). Comparison of Explorer  XXXI  e l e c t r o n  d e n s i t y  
measurements  for t h e  v e r y  low d e n s i t y  c o n d i t i o n s  and s i m u l t a n e o u s  
d e n s i t y  measurements from t h e  A l o u e t t e  I1 t o p s i d e  sounder  
expe r imen t  show e x c e l l e n t  agreement .  



INTRODUCTION 

The E x p l o r e r  XXXI  ( D i r e c t  Measurements E x p l o r e r )  S a t e l l i t e  
w a s  l aunched  a l o n g  w i t h  t h e  A l o u e t t e  I1 Tops ide  Sounder S a t e l l i t e  
on November 29 ,  1965 i n t o  a n  80' prograde  p o l a r  o r b i t  w i t h  
a p e r i g e e  of 500 km and a n  apogee of 3000 k m .  The c l o s e  
p rox imi ty  of t h e  t w o  s p a c e c r a f t  p rov ided  a n  e x c e l l e n t  o p p o r t u n i t y  
f o r  s i m u l t a n e o u s  da t a  cove rage  f o r  s e v e r a l  months a f t e r  Paunch. 

E x p l o r e r  X X X I  w a s  i n s t rumen ted  w i t h  i o n o s p h e r i c  d i rec t  
measurement p robes  which provided  redundant  measurements of 
t h e  major  i o n o s p h e r i c  pa rame te r s  t h rough  d i f f e r e n t  t e c h n i q u e s .  
The expe r imen t s  i n c l u d e d  p l a n a r  i o n  and e l e c t r o n  t r a p s ,  
c y l i n d r i c a l  e l e c t r o s t a t i c  p robes ,  s p h e r i c a l  i o n  p r o b e ,  p l a n a r  
Langmuir p l a t e ,  h i g h  r e s o l u t i o n  magne t i c  i o n  mass s p e c t r o m e t e r ,  
and q u a s i - e n e r g e t i c  e l e c t r o n  c u r r e n t  m o n i t o r s .  The s a t e l l i t e  
had a magnet ic  a s p e c t  c o n t r o l  and s p i n  sys tem which allowed 

comple t e  o r i e n t a t i o n  c o n t r o l  of t h e  s p a c e c r a f t  s p i n  a x i s .  The 
s p i n  axis  a t t i t u d e  w a s  ma in ta ined  normal t o  t h e  o r b i t a l  p l a n e  
and t h u s  a l l  s e n s o r s  mounted normal t o  t h e  s p i n  a x i s  looked  
fo rward  once  e a c h  r o l l  p e r i o d  of abou t  20 seconds .  

Data from t h e  p l a n a r  e l e c t r o n  t r a p  and e l e c t r o n  c u r r e n t  
m o n i t o r  exper iment  w i l l  b e  p r e s e n t e d .  The e l e c t r o n  t r a p  c o n s i s t s  
of  a t a r g e t  electrode located beh ind  a n  a p e r t u r e  assembly 
mounted approx ima te ly  f l u s h  w i t h  t h e  s p a c e c r a f t  s u r f a c e .  The 
a p e r t u r e  assembly w a s  abou t  t h r e e  i n c h e s  i n  diameter w i t h  a 
one  i n c h  opening  cove red  w i t h  a t u n g s t e n  mesh. A s t a i r case  
v o l t a g e  which v a r i e d  from -5 t o  +4 v o l t s  i n  f o u r  s e c o n d s  w a s  
a p p l i e d  t o  t h e  a p e r t u r e  assembly.  The q u a s i - e n e r g e t i c  e l e c t r o n  
c u r r e n t  mon i to r  s e n s o r  c o n s i s t e d  of a grounded a p e r t u r e  g r i d  
of o n e  i n c h  diameter,  a r e t a r d i n g  g r i d ,  a s c r e e n  g r i d ,  and 
t a r g e t .  The r e t a r d i n g  g r i d  r e c e i v e d  s i x t e e n  v o l t a g e  s t e p s  of 

f rom -.5 t o  -200 v o l t s  i n  s i x t e e n  seconds .  

DATA 

P a s s e s  o v e r  t h e  n o r t h e r n  p o l a r  r e g i o n s  d u r i n g  m a g n e t i c a l l y  
q u i e t  p e r i o d s  of December 1965 and January 1966 were selected. 
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For  t h e  days  s e l e c t e d  t h e  th ree -hour ly  K i n d e x  d i d  n o t  exceed  
2 .  The a l t i t u d e  r a n g e  of t h e  passes w a s  from 2200 km t o  3000 km 

and t h e  l oca l  t i m e  cove rage  w a s  f r o m  a b o u t  0500 t o  1900 h o u r s .  

P 

For  t h e  months o f  December and January t h e  s a t e l l i t e  o r b i t  

w a s  i n  100% sun  l i g h t .  S i n c e  b o t h  t h e  e l e c t r o n  t r a p  and c u r r e n t  
mon i to r  sensors are s u b j e c t  t o  pho toemiss ion  effects  from t h e  

g r i d s  and t h i s  unwanted s i g n a l  component masked t h e  desired 

s i g n a l ,  on ly  data  when t h e  s e n s o r s  were directed away from t h e  

sun  c a n  be u t i l i z e d  when e l e c t r o n  d e n s i t i e s  are  l o w .  I n  a d d i t i o n ,  
e l e c t r o n  t r a p  da t a  w a s  selected o n l y  f o r  fo rward  l o o k i n g  
c o n d i t i o n s  i n  order t o  be free of s a t e l l i t e  wake e f fec ts .  

F i g u r e  1 shows a t y p i c a l  computer  o u t p u t  p l o t  of e l e c t r o n  
t r a p  c u r r e n t  v e r s u s  r e t a r d i n g  v o l t a g e .  T h i s  p a r t i c u l a r  da ta  
w a s  t a k e n  on 1 4  December 1965 a t  a n  a l t i t u d e  of 2985 km a n d  a t  
5 6 . 6 O N  magnet ic  l a t i t u d e .  
decades of c u r r e n t  f r o m  10 -11 amperes  t o  amperes .  For 
a n a l y s i s  of such  d a t a  it is n e c e s s a r y  t o  s u b t r a c t  t h e  " t a i l "  
c u r r e n t  component ( t h e  p o r t i o n  t o  t h e  l e f t  i n  t h e  f i g u r e )  
f r o m  t h e  t o t a l  measured c u r r e n t .  For t h i s  pu rpose  i t  is assumed 
t h a t  t h e  t o t a l  measured c u r r e n t  i n  t h e  r e t a r d i n g  p o t e n t i a l  r e g i o n  
i s  t h e  sum of a background c u r r e n t  due  t o  supra - the rma l  e l e c t r o n s  
and a Maxwell-Boltzmann d i s t r i b u t i o n  of lower ene rgy  t h e r m a l  
par t ic les .  The c o r r e c t i o n  and  r e s u l t a n t  c u r v e  is shown i n  t h e  

f i g u r e .  The s l o p e  of t h e  c u r v e  is a measure  of e l e c t r o n  
t e m p e r a t u r e  and t h e  c u r r e n t  a t  t h e  "break" p o i n t  is  r e l a t e d  
t o  t h e  e l e c t r o n  d e n s i t y .  For t h i s  c u r v e  t h e  r e s u l t a n t  r e p r e s e n t s  
a d e n s i t y  of l 1 0 / c m 3  a t  a t e m p e r a t u r e  of 5 0 0 0 O K .  
da ta  ana lyzed  fo r  t h e  h i g h  a l t i t u d e  polar r e g i o n s  h a s  been  
t reated i n  t h i s  manner. 

The v e r t i c a l  scale c o v e r s  f i v e  

A l l  of t h e  

F i g u r e  2 is a p l o t  o f  e l e c t r o n  d e n s i t y  and  t e m p e r a t u r e  
v e r s u s  magnet ic  l a t i t u d e  for three E x p l o r e r  XXXI p a s s e s .  The 
McIlwain L parameter is also i n d i c a t e d .  The a l t i t u d e  r a n g e  

I of t h e  d a t a  is  from 2880 t o  3000 km and  t h e  loca l  t i m e  of t h e  
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December p a s s e s  

f o r  t h e  January 
is 1730 t o  1900 h o u r s  and from 0445 t o  0515 

data. The d e n s i t y  shows a decrease of from 
a b o u t  2000/cm3 a t  mktb la t i t udes  t o  less t h a n  50/cm3 a t  h i g h  l a t i t u d e s .  
The e l e c t r o n  t e m p e r a t u r e  shows an i n c r e a s e  from abou t  4500°K a t  
m i d - l a t i t u d e s  t o  a maximum of abou t  6000°K and  t h e n  a decrease 
t o  a b o u t  4000°K a t  t h e  t i m e  of t h e  low d e n s i t i e s .  The A on 
t h e  f i g u r e  a t  a b o u t  70°N l a t i t u d e  is a s i m u l t a n e o u s  measure 
of e l e c t r o n  d e n s i t y  from t h e  tops ide  sounder  of A l o u e t t e  I 1  

u s i n g  t h e  r e sonance  beat method of Hagg (1967) and i n d i c a t e s  
e x c e l l e n t  agreement  w i t h  e l e c t r o n  t r a p  v a l u e s .  

The decrease i n  d e n s i t y  is  undoubtedly  a h i g h  a l t i t u d e  
e x t e n s i o n  of t h e  main "trough" obse rved  by  Muldrew (1965) t o  
be a permanent  f e a t u r e  of t h e  h igh  l a t i t u d e  i o n o s p h e r e  a t  
F - l a y e r  a l t i t u d e s .  I n  summarizing A l o u e t t e  I r e s u l t s ,  Chapman 
(1966) p o i n t e d  o u t  t h a t  a t  1000 km a d e e p  t r o u g h  is a r e g u l a r  
f e a t u r e  of t h e  i o n o s p h e r e  l o c a t e d  a t  a b o u t  6 0 ° N  magne t i c  a t  
m i d n i g h t  moving o u t  t o  abou t  7 3 O N  a t  1400 h o u r s .  The g e n e r a l  
b e h a v i o r  of e l e c t r o n  t e m p e r a t u r e  and d e n s i t y  shown i n  t h e  
f i g u r e  agree w i t h  t h a t  r e p o r t e d  by Brace e t  a1 (1967) f o r  
i o n o s p h e r i c  b e h a v i o r  a t  1000 km i n  t h e  1964 w i n t e r  s o l s t i c e  
per iod .  N e l m s  and  Lockwood (1966) have  r e p o r t e d  on A l o u e t t e  I 1  
data f o r  t h e  same p e r i o d  of t i m e  and t h e  r a p i d  decrease of 
d e n s i t y  w i t h  i n c r e a s i n g  l a t i t u d e  is  e v i d e n t  on a l l  t h e  r e p o r t e d  
p a s s e s .  

F i g u r e  3 is a measure of t h e  c u r r e n t  of q u a s i - e n e r g e t i c  
e l e c t r o n s  w i t h  ene rgy  greater t h a n  35ev as  d e t e r m i n e d  by t h e  

e l e c t r o n  c u r r e n t  m o n i t o r  expe r imen t .  T h i s  data is  t h e  back- 

g round  e n e r g e t i c  e l e c t r o n  component c o r r e s p o n d i n g  t o  t h e  data 
of f i g u r e  2 .  A c u r r e n t  v a l u e  of 10 -11 ampere c o r r e s p o n d s  t o  
a n  o m n i d i r e c t i o n a l  f l u x  v a l u e  of approx ima te ly  2x10 / c m  sec. 
The f l u x  r ema ins  e s s e n t i a l l y  c o n s t a n t  o v e r  most of  t h i s  l a t i t u d e  
r a n g e .  T h e r e  i s ' a n  i n c r e a s e  a t  geomagnet ic  l a t i t u d e s  greater 
t h a n  70°N ( c o r r e s p o n d i n g  t o  an L v a l u e  of a b o u t  15) .  

7 2  
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F i g u r e  4 shows e l e c t r o n  d e n s i t y  and t e m p e r a t u r e  v a l u e s  f o r  
s e l e c t e d  December and Janua ry  p a s s e s  i n  t h e  l a t i t u d e  r a n g e  from 
abou t  55ON up  t o  t h e  magne t i c  p o l e .  Data i n c l u d e d  i n  t h i s  f i g u r e  
c o v e r  t h e  a l t i t u d e  r a n g e  of from 2450 t o  2930 km and l o c a l  t i m e  
from 0900 t o  1600 h o u r s .  A l o u e t t e  I1 t o p s i d e  sounder  data  p o i n t s  
are i n d i c a t e d  f o r  comparison pu rposes .  As i n  f i g u r e  2 t h e  main 

3 t r o u g h  is  e v i d e n t ,  r e p r e s e n t e d  by a d e n s i t y  of a b o u t  100/cm 
a t  abou t  70°N c o r r e s p o n d i n g  t o  a n  L v a l u e  of abou t  13 and a n  
i n v a r i a n t  l a t i t u d e  of a b o u t  74O. To t h e  n o r t h  of  t h e  t r o u g h  
there is a s h a r p  i n c r e a s e  i n  d e n s i t y  followed by a second t r o u g h  
w i t h  d e n s i t i e s  of abou t  5 0 / c m 3  n e a r  t h e  "pole" .  
"peak" h a s  d e n s i t i e s  up  t o  a b o u t  1500/cm3 and is l o c a t e d  from 
7 5 O N  t o  81'N. The d a t a  forming  t h e  peak w a s  t a k e n  a t  a n  a l t i t u d e  
of a b o u t  2500 km a t  a local  t i m e  of 0900 h o u r s .  The w i d t h  of t h e  

peak a t  s a t e l l i t e  a l t i t u d e s  is on t h e  order of 1000 km. The 
c e n t e r  of t h e  "peak" is l o c a t e d  a t  78ON magne t i c  or a b o u t  80° 

i n v a r i a n t  l a t i t u d e .  Measurements by t h e  h i g h  r e s o l u t i o n  mass 
s p e c t r o m e t e r  on E x p l o r e r  XXXI  i n d i c a t e  t h a t  t h e  dominant i o n  
i n  t h e  peak is 0' w h i l e  t h e  dominant i o n  t o  each s i d e  i s  H+ 
(Hoffman) . 

s h o r t l y  b e f o r e  t h e  main t r o u g h ,  d e c r e a s e  t o  3000-4000°K i n  t h e  

t r o u g h ,  i n c r e a s e  t o  abou t  5500°K before t h e  i o n i z a t i o n  p e a k ,  
and d e c r e a s e  t o  a minimum v a l u e  of a b o u t  2500-3000°K i n  t h e  
second t r o u g h .  

A s imi la r  b e h a v i o r  of t h e  p o l a r  i o n o s p h e r e  h a s  been  n o t e d  
by Thomas et a1 (1966) u s i n g  A l o u e t t e  I d a t a  a t  1000 km i n  t h e  
w i n t e r  of 1962. The d e n s i t y  i n  t h e  p o l a r  peaks  may exceed  t h e  

m i d - l a t i t u d e  v a l u e .  Peak t o  t r o u g h  r a t i o s  of 25  t o  1 w e r e  ob- 

s e r v e d  w i t h  t h e  largest  peaks  o c c u r r i n g  a t  m a g n e t i c  noon. The 
peak l o c a t i o n  w a s  77ON i n v a r i a n t  l a t i t u d e  (L=25) i n  t h e  morning 

and a t  78ON i n v a r i a n t  (L-27) i n  t h e  a f t e r n o o n .  The main t r o u g h  

The p o l a r  

The e l e c t r o n  t e m p e r a t u r e s  reach a maximum of 6000-6500°K 



5 

l o c a t i o n  was 58ON i n v a r i a n t  ( I i4 .2 )  i n  t h e  AM and 70°N i n v a r i a n t  
(L=10) i n  t h e  PM. Also very low e l e c t r o n  d e n s i t i e s  between t h e  
peaks and nea r  t h e  magnetic po le  were noted.  T h i s  same p a t t e r n  
is c e r t a i n l y  p re sen t  a t  2500 km i n  t h e  p r e s e n t  data. C a l v e r t  
(1966) us ing  Explorer  XX (Fixed Frequency Topside Sounder) 
data reported r e g i o n s  of enhanced d e n s i t i e s  and s c a t t e r i n g  
i r r e g u l a r i t i e s  w i t h  about  5O l a t i t u d e  width i n  t h e  polar  
ionosphere.  The Southern boundary of these r e g i o n s  w a s  between 
70° t o  80° magnetic w i t h  t h e  lower l a t i t u d e s  observed a t  n i g h t .  
Lund et  a1 (1967) have also reported on polar  i r r e g u l a r i t i e s  
w i t h  a southern  boundary of 75O i n v a r i a n t  a t  magnetic noon from 
Explorer  XX data which c o r r e l a t e  w i t h  s imultaneous a u r o r a l  
backscatter measurements. The boundary of these r e g i o n s  agrees 
w e l l  w i t h  t h e  p r e s e n t  data.  N e l m s  and Lockwood (1966) have 
reported polar peaks in excess  of 5oo/cm3 u s i n g  December and 
January Aloue t t e  I1 d a t a .  However these peaks were n o t  ev ident  
on a l l  passes. 

The fact  t h a t  t h e  polar peak is a r eg ion  of i r r e g u l a r i t i e s  
is e v i d e n t  i n  f i g u r e  5 which shows t w o  p l o t s  of e l e c t r o n  t r a p  
data taken  on 16 December. The first p l o t  a t  7 2 . 6 O N  magnetic 
is  i n  t h e  t rough r eg ion  and t h e  second p lo t  a t  7 5 . 5 O N  magnetic 
is i n  t h e  polar peak reg ion .  The jagged n a t u r e  of t h e  second 
p lo t  is evidence of temporal o r  spa t i a l  i r r e g u l a r i t i e s  and f i n e  
s t r u c t u r e  w i t h i n  t h e  peak reg ion .  

w i t h  energy greater t h a n  35ev corresponding t o  t h e  data shown 
i n  f i g u r e  4.  An i n c r e a s e  of f l u x  is noted corresponding t o  t h e  
r e g i o n  of t h e  polar d e n s i t y  peak. The peak c u r r e n t  measured 
cor responds  t o  an omnid i r ec t iona l  f l u x  i n t e n s i t y  of about  
5x10 / c m  sec. I t  t h u s  appears t h a t  t h e  d e n s i t y  peak is caused 
by a n  inc reased  f l u x  of quas i - ene rge t i c  e l e c t r o n s  caus ing  
i o n i z a t i o n  a t  muah lower l e v e l s  of t h e  ionosphere which d i f f u s e s  
upward. The fact  t h a t  t h e  dominant i on  p r e s e n t  a t  2500 km i n  
t h e  peak is 0' i n d i c a t e s  t h a t  t h e  i o n i z a t i o n  source  is a t  low 

F igure  6 is a plot  of background c u r r e n t  due t o  e l e c t r o n s  

8 2  
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a l t i t u d e s .  The i n c r e a s e  i n  e l e c t r o n  t e m p e r a t u r e  a t  t h e  s o u t h e r n  
boundary of t h e  d e n s i t y  peak  may be t h e  r e s u l t  of select ive 
e l e c t r o n  h e a t i n g  by a n  i n c r e a s e d  q u a s i - e n e r g e t i c  f l u x  which 
starts t o  r ise a t  l a t i t u d e s  lower  t h a n  t h e  d e n s i t y  peak.  

DISCUSSION 

The d a t a  p r e s e n t e d  have  linked t h e  p o l a r  i o n o s p h e r e  peak 
t o  an  i n c r e a s e  i n  q u a s i - e n e r g e t i c  f l u x .  Thomas e t  a1  (1966) 
have s u g g e s t e d  t h a t  t h e  peak is due t o  i o n i z a t i o n  produced 
i n  t h e  lower F-region by e n e r g e t i c  e lectrons which have  been 
a c c e l e r a t e d  a l o n g  n e u t r a l  l i n e s  i n  t h e  magnetosphere  and pre-  
c i p i t a t e d  i n t o  t h e  e a r t h ' s  a tmosphere .  C a l v e r t  (1966) commenting 
on t h e  p o l a r  i r r e g u l a r i t i e s  reg ion  h a s  i n d i c a t e d  t h a t  t h e s e  
f e a t u r e s  appea r  t o  mark t h e  edge  of  a v i r t u a l l y  s e p a r a t e  
i o n o s p h e r e ,  s i n c e  t h e  s o u t h e r n  boundary o f  i r r e g u l a r i t i e s  marks 
t h e  d i v i s i o n  between magne tosphe r i c  f i e l d  l i n e s  which r o t a t e  
and t h o s e  which are swept  back  o v e r  t h e  p o l e  i n t o  t h e  t a i l .  

W i l l i a m s  and Mead (1965) have  i n d i c a t e d  a n o r t h e r n  l i m i t  of 

t r a p p e d  e l e c t r o n  w i t h  ene rgy  g r e a t e r  t h a n  280 kev a t  69" in-  
v a r i a n t  a t  1200 h o u r s .  The a v e r a g e  noont ime h i g h  l a t i t u d e  c u t -  
off  f o r  e l e c t r o n s  w i t h  ene rgy  g r e a t e r  t h a n  40 kev is i n  t h e  
r ange  74O t o  76O i n v a r i a n t  (McDiarmid and  Burrows,  1 9 6 4 ) .  
is clear t h a t  t h e  p o l a r  peak and a s s o c i a t e d  f l u x  is w e l l  above  
t h e s e  l i m i t s  o f  t r a p p e d  r a d i a t i o n .  

I t  

The magne tosphe r i c  model of W i l l i a m s  and Mead (1965) in-  
d i c a t e s  t h a t  t h e  d a y s i d e  p o s i t i o n  o f  t h e  "cr i t ical  l a t i t u d e " ,  
s e p a r a t i n g  f i e l d  l i n e s  t h a t  p a s s  back  over  t h e  p o l e  i n t o  t h e  
t a i l  r e g i o n ,  i s  a t  abou t  82O, which is somewhat h i g h e r  t h a n  t h e  
p o l a r  peak l o c a t i o n .  T h i s  c o u l d  i n d i c a t e  t h a t  t h e  s o u r c e  of 
f l u x  is n o t  t h e  t a i l  "plasma s h e e t "  r e p o r t e d  by Bame e t  a1 
(1967) .  A l s o  t h e  plasma s h e e t  w a s  n o t  d e t e c t e d  a t  h i g h  l a t i t u d e s  
0 . , 4 0  ) and any e l e c t r o n  p o p u l a t i o n  p r e s e n t  h a s  e n e r g i e s  and /o r  0 
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d e n s i t i e s  too l o w  t o  be  observed by t h e  V e l a  s a t e l l i t e  a n a l y z e r s .  
McDiarmid and Burrows (1965) have r e p o r t e d  h i g h  l a t i t u d e  e l e c t r o n  
" sp ikes"  w i t h  w i d t h s  up t o  about 2O of e l e c t r o n s  w i t h  e n e r g i e s  
g r e a t e r  t h a n  40 kev. Approximately 95% of t h e  e v e n t s  w e r e  ob- 
s e r v e d  on t h e  n i g h t s i d e  of t h e  e a r t h  and no e v e n t s  around l o c a l  
noon. 

These p a r t i c l e  o b s e r v a t i o n s  a l o n g  w i t h  t h e  o b s e r v a t i o n s  
of Thomas e t  a1 (1966) t h a t  t h e  l a r g e s t  p o l a r '  peaks a t  1000 k m  

o c c u r  a t  noon would s u g g e s t  t h a t  t h e  i o n i z a t i o n  s o u r c e  is n o t  
r e l a t e d  t o  t h e  plasma s h e e t  i n  t h e  magnetospher ic  t a i l  b u t  
related t o  solar  wind p a r t i c l e s  e n t e r i n g  t h e  ear th ' s  atmosphere 
a l o n g  n e u t r a l  l i n e s  i n  t h e  magnetosphere.  
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FIGURE CAPTIONS 

FIGURE 1 Computer p l o t  of t y p i c a l  e l e c t r o n  t r a p  d a t a  f o r  
3 l o w  d e n s i t y  (Ne-lOO/cm ) h i g h  l a t i t u d e  c o n d i t i o n s .  

FIGURE 2 High l a t i t u d e  e l e c t r o n  d e n s i t y  and t e m p e r a t u r e  
measured by t h e  e l e c t r o n  t r a p  experiment  on t h e  
E x p l o r e r  XXXI s a t e l l i t e .  

FIGURE 3 C u r r e n t  due t o  e l e c t r o n s  w i t h  energy g r e a t e r  
t h a n  35ev measured by t h e  e l e c t r o n  c u r r e n t  
moni tor  experiment  co r re spond ing  t o  t h e  d a t a  of 

f i g u r e  2 .  

FIGURE 4 High l a t i t u d e  e l e c t r o n  d e n s i t y  and t e m p e r a t u r e  
showing t h e  p o l a r  "peak" of e l e c t r o n  d e n s i t y .  

FIGURE 5 Comparison of e l e c t r o n  t r a p  d a t a  i n  t h e  " t rough"  
and Tvpeak" r e g i o n s .  . 

FIGURE 6 C u r r e n t  due t o  e l e c t r o n s  w i t h  energy g r e a t e r  
t h a n  35ev co r re spond ing  t o  t h e  data  of f i g u r e  4 .  
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